SUMMARY
Nitrous oxide is used widely as an adjuvant to general anaesthesia. However, it diffuses from blood into air-containing closed body cavities more rapidly than nitrogen diffuses out. Gas volume in the intestinal lumen has been found to increase by up to 200 % in 4 h when nitrous oxide was administered to dogs [1] . The present study was designed prospectively in order to study the effect of peroperative nitrous oxide on bowel function in patients undergoing colonic surgery.
PATIENTS AND METHODS
The study was approved by the Hospital Ethics Committee and informed consent was obtained from all patients. We studied 40 patients scheduled consecutively for elective major large bowel surgery. Patients were allocated randomly to two groups, one receiving nitrous oxide during anaesthesia (n = 20) and the other receiving air (n = 20). Patients receiving any drugs which could possibly influence bowel motility were excluded from the study.
Patients were given a liquid diet for the day before operation. Bowel washouts were performed for 2 days before operation. Metronidazole and neomycin were administered for 2 days before surgery, and doxicyclin for the day of operation and 2 days after operation.
All patients received standardized anaesthesia. Premedication comprised diazepam 0.14 mg kg" 1 orally and pethidine 1 mg kg" 1 i.m., 1 h before anaesthesia. Anaesthesia was induced with glycopyrrolate 3 ugkg" 1 and fentanyl 0.1 mg i.v. and a sleep dose of thiopentone (3-6 mg kg" 1 ). All patients breathed 100% oxygen during induction. The lungs were ventilated with 100% oxygen by face mask before tracheal intubation, which was facilitated by suxamethonium 1.5 mg kg" 1 . Anaesthesia was maintained with fentanyl 3 Hg kg" 1 h" 1 and isoflurane as required. One group (N 2 O) underwent ventilation with 70% nitrous oxide in oxygen; the other, ventilation with oxygen and air (Air). The inspiratory oxygen concentration was maintained at 30% and endtidal carbon dioxide at 5 % with continuous Po 2 and Pco 2 monitoring (Capnomac, Datex, Finland). Neuromuscular block was achieved with a bolus of vecuronium 0.1 mg kg" 1 and maintained by an infusion of 0.04-0.1 mg kg" 1 h"
1
. Relaxation was monitored with a peripheral nerve stimulator (PNS) j only one twitch was tolerated in the trainof-four during surgery. Blood-gas analyses were obtained during and after the operation.
After insertion of a nasogastric tube before surgery, gastric contents were aspirated and 200 ml of air were injected into the stomach as a "seed volume" and the tube was clamped. This was done in an attempt to standardize the amount of preoperative gastric gas content. The nasogastric tube was declamped when the surgeon requested. Before closure of the abdomen, the surgeon, who was unaware of the gas mixture used, was asked to comment on and grade the distension in the small and large bowel: 0 = empty or negligible; 1 = distended; 2 = considerably distended. The surgeon was asked to judge the operating conditions also with respect to gas content in the bowels.
At the end of surgery, residual neuromuscular block was antagonized with neostigmine 0.5 mg preceded by glycopyrrolate 0.1 mg given every 2 min until muscle tone recovered as judged by the twitch response with the PNS. After reversal, all patients underwent ventilation with 100 % oxygen before extubation. The abdominal circumference was measured before surgery, in the recovery room and on the day after surgery.
On the day of surgery, Ringer acetate, 5% glucose and 4% human albumin were given as needed (2500-6000 ml). Fluids were administered to maintain central venous pressure at 5-10 mm Hg and a normal urine output. Blood loss greater than 500 ml was replaced. Parenteral nutrition was continued until adequate bowel function was present. The daily regimen was 10% glucose 1000-2000 ml, aminoacids (Levamin 80) 500-1000 ml and 10% fat solution (Intralipid) 500-1000 ml.
For postoperative pain control in the recovery room, i.v. oxycodone 0.07 mg kg" 1 was prescribed on request. On the ward, patients received oxycodone 0.15 mg kg" 1 i.m. on request. The number of requests for analgesics and the incidence of postoperative nausea and vomiting was recorded. Serum protein and plasma electrolyte concentrations were measured before and after operation and kept within normal laboratory limits. The need for nasogastric intubation and times to passage of flatus and faeces were recorded by a blinded observer. The duration of postoperative hospital stay was recorded.
Statistical analyses were performed using Student's t test, analyses of variance and chisquare test as appropriate. P < 0.05 was considered to be significant.
RESULTS
There were no significant differences between the groups with respect to age, weight, height, duration of anaesthesia, and peroperative blood loss (tables I-III) and neostigmine requirement. The need for postoperative analgesics was similar in both groups. The mean (SD) number of doses was 19 (3.4) dominal circumferences in both groups were comparable throughout the study. No difference was found between the groups in the postoperative incidence of nausea (five of 20 patients in both groups). All patients had lesser serum protein and haemoglobin concentrations on the first day after operation compared with preoperative values, but the values remained within normal laboratory limits and the decreases were not statistically significant (table IV) . Acid-base balance during operation and during the postoperative period was similar and normal in both groups. There were no clinical anastomotic breakdowns or mortality during the stay in hospital in either group. Sutures were removed on the 10th day in all patients. Four experienced surgeons were involved during the study period. In the N 2 O group, during the first 1 h of surgery, the surgeons requested aspiration of gastric contents in 17 of the 20 patients. In the Air group this was requested in eight of 20 patients. They complained of intrusive gas contents in the bowel in five of 20 patients in the N 2 O group. There were no complaints regarding patients in the Air group. In the Air group, surgeons estimated the operating conditions as very good because of empty small bowel and colon in 11 of 20 patients (P < 0.01, Chi square test). All patients in the N 2 O group had moderate or intrusive gas content in the bowel (table V). The estimated distension of the small and large bowel is shown in table VI. Gas distension was significantly greater in the N 2 O group compared with the Air group (P < 0.001 for colon and P < 0.01 for small bowel).
Patients in the Air group had a significantly faster recovery of bowel function than the patients 
DISCUSSION
Many factors are associated with non-mechanical delay in bowel motility after colonic surgery. Surgical technique, trauma, anaemia, malnutrition, infection, electrolyte disturbances and stress hormones have been considered as possible causes for the delayed recovery of bowel function after surgery. In addition, anaesthesia and opioids used for postoperative analgesia influence bowel function both during and after operation, although this effect is slight compared with the effects of surgery [2, 3] . Therefore, when assessing postoperative bowel function, it is important that the study groups are homogeneous both with regard to preoperative emptying and surgical handling of the bowels, as well as to drugs and anaesthesia. In the present study, the only variable between the groups was the ventilation gas mixture during the laparotomy.
An anticholinergic drug is included commonly in premedication regimens and always when antagonizing block at the end of surgery. These drugs disrupt co-ordinated contractile bowel activity, which is mediated by cholinergic stimulation [4] . On the other hand, neostigmine is known to stimulate peristalsis [4] . Thus the ratio between the doses of both these drugs was maintained in the present study and care was taken to prevent overdosage.
The similar incidence of nausea in both groups supports earlier studies showing that nitrous oxide does not contribute to the occurrence of nausea after isoflurane anaesthesia [5] .
Morphine reduces gastric and intestinal motility, increasing tone and contractions of a non-propulsive type [6] . Patients given extradural bupivacaine instead of opioids for postoperative pain have been shown to have earlier bowel movements after colonic surgery [7] . In the present study, all patients were treated with equal doses of opioids during and after operation.
To our knowledge, no study has been performed on the effect of isoflurane on bowel function. In the present study, isoflurane was used because of less cardiovascular depressant effects compared with enflurane [8] . Reduced stroke volume could theoretically affect the circulation of the gut. The mean inspired concentration of isoflurane in the Air group was twice that in the N 2 O group. This finding supports earlier studies showing that the MAC of isoflurane is decreased by about 60% in the presence of nitrous oxide [9] . Halothane and enflurane have been shown to depress electrical activity and to diminish smooth muscle contractions in the colonic wall in monkeys [10] . Nitrous oxide, administered for 20 min, did not have an effect on colonic motility, and no increase in peristalsis was found. The authors suggested that halothane and enflurane have a direct, peripheral, anticholinergic effect on gut smooth muscle, while nitrous oxide has no such effect, and that postoperative paralytic ileus during the initial 72 h after operation is not caused by enflurane, halothane or nitrous oxide. The short duration of nitrous oxide administration in that study may have accounted for the reported lack of gut distension; our patients received nitrous oxide for at least 4 h. Nitrous oxide diffuses from blood into aircontaining closed body cavities, such as the bowel lumen, more rapidly than nitrogen diffuses out. Cundy, Aldrete and Thomas [11] demonstrated an increase in the intestinal circumference in dogs ventilated with nitrous oxide. Peristalsis of the gut appeared to be influenced slightly by this distension [11] . Eger and Saidman found that air placed in the intestinal lumen in dogs increased in volume by up to 200 % when the dogs breathed nitrous oxide and oxygen for 4 h. When the dogs inhaled oxygen and halothane, no such volume changes were found [1] . They considered bowel obstruction to be a relative contraindication to nitrous oxide anaesthesia with inspired concentrations exceeding 50%, as bowel distension may make the closure of the peritoneal cavity difficult. This has been found also in connection with prolonged surgery, such as liver transplantation [12] . Bowel distension has been considered to decrease bowel contractility as a result of intestino-intestinal reflexes in addition to interference with perfusion of the gut [13] . Gases diffuse between mucosal blood vessels and bowel lumen, the direction being determined by the partial pressure of the gases. As the most intrusive distension was found in the colon and not in the small bowel, the standardized air volume in the stomach was not associated with the bowel distension.
Distended bowels need more handling during operation and this may also influence the recovery of bowel function. Distension of the operated bowel may lead to increased intraluminal pressure, danger of leakage and anastomotic breakdown [1, 13, 14] . Water and electrolytes are secreted into a non-functioning gut, worsening the distension and prolonging the requirements for i.v. therapy in the postoperative period. No anastomotic breakdown occurred in each group, but earlier recovery of bowel movements in the Air group led to fewer days of parenteral nutrition and shorter hospital stay. The slower recovery in the nitrous oxide group may be a result of diminished circulation in the nitrous oxidedistended bowel wall as postulated by Aitkenhead [3] and Youmans [13] .
